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ABSTRACT
Approximately 4000 people drown every year in the United States, 50-75 percent of which
perish in open water environments (Branche & Stewart, 2001). In Volusia County, Florida,
alone over 30 fatal drownings were recorded by the Volusia County Beach Safety Division
between January 2012 and June 2017 (Shekari, 2018). To reduce drowning deaths in Volusia
County, it is proposed that a small unmanned aircraft system (sUAS) solution be utilized for
near-shore ocean rescues. The research examines the technical and financial feasibility of a
comprehensive sUAS solution that is capable of detecting and predicting rip currents,
detecting distressed bathers, and responding to drowning emergencies by reviewing relevant
technical concepts and costs associated with implementing the solution with commercially
available components.
RESEARCH QUESTION
Is it feasible for Volusia County Beach Safety to obtain and utilize a comprehensive near-
shore ocean rescue sUAS system to enhance beach safety, especially reducing the rip current
hazard using technology and knowledge availability, costs of acquisition using commercially
available sources, and potential benefits as evaluation criteria?
DESIRED MISSION SCOPE & OPERATIONAL REQUIREMENTS
1. Assist in extended water searches and detecting distressed individuals. 
2. Hazard detection and prediction, especially of rip currents
3. Assist in near-shore emergency water rescue of beach users
4. Track beach attendance data
5. Provide law enforcement support
Figure 1: Proposed Comprehensive Near-Shore Ocean Rescue sUAS Operating Concept 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 depicts the functional layout of the proposed integrated sUAS system. All elements would be controlled by a 
centralized ground control station at performs the systems command, control, communications, and intelligence 
functions. Meanwhile three major sub-systems (Patrol sUAS, Response sUAS, & Data Buoy) would either collect 
important environmental data needed for beach safety operations, detect bathers in distress, or actively engage in a 
near-shore ocean rescue responses. 
Table 1: Initial Near-Shore Ocean Rescue sUAS Costs 
Item Unit Cost Quantity Total Cost 
DJI Matrice 600 Pro  $4,999.00  5  $24,995.00  
DJI Matrice 600 Pro Batteries (6)  $1,089.00  10  $10,890.00  
DJI HEX Battery Charger  $379.00  5  $1,895.00  
DJI Matrice 600 Series 2170R Folding Propeller Kit (CW/CCW)  $60.00  25  $1,500.00  
FLIR Duo Imager  $999.99  6  $5,999.94  
Rigle BDF-1 Bathymetric LiDAR TBD 2  TBD 
MCWH Matrice 600 Payload Drop Kit  $175.00  5  $875.00  
TD2401 Type IV Throwable PFD  $149.99  10  $1,499.90  
UAV Factory Portable Ground Control Station  $14,500.00 5  $72,500.00 
DJI Flight Hub Advanced Annual Subscription  $2,999.00  1  $2,999.00  
DJI RTK-G + Datalink Pro Pack  $5,699.00  5  $28,495.00  
xBeach Modeling Software  $0.00 1  $0.00 
Phantom 4 Pro (Training Aircraft)  $1,499.00  2  $2,998.00  
Phantom 4 Pro Props (Training Aircraft)  $13.00  20  $260.00  
Phantom 4 Pro Blade Guards (Training Aircraft)  $24.00  2  $48.00  
FAA Part 107 Remote Pilot Certification Exam at ERAU  $130.00 10  $1,300.00 
NexSens CB-150 Data Buoy  $4,995.00 5  $24,975.00 
Currently Estimated Total    $181,229.84 
Table 1 shows an initial investment estimate for the required components, unit costs, quantities, and total costs of 
equipment acquisition and initial certification of operators for the proposed comprehensive near-shore ocean rescue 
sUAS solution. The estimate is based on using DJI flight hardware and software in concert with third party multispectral 
and bathymetric LiDAR remote sensing, ground control station, computer vision, and PFD payload. The cost of a data 
buoy net is also included in the estimate, which will supplement the remote sensing data taken by the sUAS system for 
rip current detection and prediction functions.  
Figure 2: RIP CURRENTS
Caused by breaking waves around channels in the local
bathymetry, rip currents are fast moving columns of
displaced water moving back out to sea and account for
many deaths on Volusia County beaches (Shekari, 2018).
However, rip currents are driven largely by the
geomorphological process of sediment transport and can
be spotted by the trained eye looking for sections of
darker water in-between areas of breaking waves.
Much work has been done on how to detect and predict
rip currents using remote sensing and in-situ
measurements. Two of the most promising for sUAS
deployment are Synthetic Imagery and Bathymetric LiDAR
(Kim, Lee, & Min, 2017; Pitman et.al., 2016). .
CONCLUSIONS & RECCOMENDATIONS
Based on the available knowledge and technology, 
approximate costs, and potential benefits, it is very 
feasible for Volusia County Beach Safety to acquire 
and utilize a near-shore ocean rescue sUAS. All the 
needed components for the system are either already 
commercially available or from the open-source 
community. Even with the initial costs of acquiring the 
system likely near $200,000, the value of life and 
economic damage saved by preventing a single 
drowning with the sUAS significantly exceeds the 
costs by several times.
With the feasibility of the rip current detection and 
prediction functions of the comprehensive near shore 
ocean rescue sUAS demonstrated through literature 
review and working examples of ocean rescue sUAS 
around the globe, it is recommended that the concept 
be put forward for trials in Volusia County on a limited 
basis as proof of concept.
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TECHNOLOGY & KNOWLEDGE AVAILABILITY
A comprehensive literature review across multiple fields related to ocean rescue showed that
all the required knowledge and technology for the proposed ocean rescue sUAS is already
available. There are already several working examples of sUAS delivering personal floatation
devices to distressed swimmers around the world, such as the Little Ripper in Australia shown
in figure 3. The natural geomorphological forces that generate rip currents are also well
understood and there are proven methods of detection and prediction using remote sensing,
in-stiu measurements, and computer modeling. Multispectral camera and computer vision
technology has also progressed t a lev l where it is feasible to train the computer to detect
bathers in distress and initiate emergency response efforts.
Figure 3: Little Ripper Lifesaver
POTENTIAL BENEFITS
According to National Safety Council estimates
(2017), each drowning death prevented by ocean
rescue sUAS will save approximately $730,000 worth
of economic damage to the community. Further more,
each non-fatal hospitalization prevented by the
system will save approximately $12,400 for a one-day
admission (Florida Dept. of Health, 2018). There is
also an unmeasurable moral and ethical benefit for
the preservation of human life from a premature death
due to unintentional injury.
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